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(2) #F^¥1 0-198 


(i) ^1iffigi3fc«fcU t M2 4SSB*:WL^ ttSS 1 i»gPhfK 
; (ii) tt»ltt*at>Ttttf. 'J>fc< fc-fc 2 

HstftttSM*., 

Ili*iI2] mJlBM1iffigBfc<tt/HiIie^2 4ig|}roa^ 
»«¥l- «fc DIBIiji^ftg&tSaJ&liSxl. x iS*JI 2 irlBKOD 

[limn 5 ] mm$mmmmtf<J>& < fc t, 1 *ro 
[if mn 6 ] mmmtmtemtmm&mmttffiz 

[If mn 7 ] TttEttMffiffittSltttf? >f tMz 3 x 
If ^11 1 KlE«<0fflAo 

[if mn 8 ] iKri3i*aijststtSB*tA<6-tt^=i -f jut 

If mm [ClBSc^fflMo 
[B*iI9] B?rtHfflflA<-;AJBIB4*-r§x If mil 1 
l;:E«<Z>ffl«o 

[if min o] 

D^^A, ft, $><f*T>, ti&Zf^fobCD 
^ftA^ftSf¥A^atR**L5ftH**t\ If *il 1 

[ifmni 1] *iBB6^«#=i-f eftfci;?/ 

*>^t>©^M^C. IfmiH OlcEttcDfflfto 

[if min 2] itMEe>-tt^£=i-f ;u#x ^-^>u^ 

t\ if min \zmm<DmM;o 

[if min 3] tuE£^^£=w ;u#, 
^^vfflaMs^ftft^t?, ifmni 2izE«©fliJio 

[if mil 1 4 ] »«tt3pa»tta)*«*tft*#-r i # 
•n-tdCs if min iciBKoffl^o 

[if min 5] lifriB— ;*3-r>n^f3frHt64x/=:^gp 
HWItt»4*6^1ix.4s If mill KEKflDfllfto 

[IfmiH 6] WiBf*5R*&lat±SP«-AWU^-*^ 

t\ ifmni i^iB«(Dffifto 
[ifmni 7] mEffattstttSPW/j^RTHttwiiB* 

if min eizizm&mRo 
[if mil 1 8 ] mm^m&fflmwtfv u >^ u< 
7*u-h*«Cx if min 7icE«w>fli*o 
[ifmni 9] mzm^m&mmtftfvT'n tf u>& 
#t\ if min 7i:Etoffl*o 


[ifmii2 o ] ffirEJ»nraitt»iiB*«*fcx mE-*=» 

^■*x if min 7i^E«©fflAo 
[if mil 2 1 ] tKrEff»atattaj*t*«x tfrE-#:=w 
jKD'j>a< fct-*(D«fflti*f9ftit6tL4x ifmin 

(-EWtCDfflAo 

[If mil 2 2] ttJE+'W^ffirE— pi i; 

is*tt5s ifmii2 oizmmcDmMo 
[if mn 2 3 ] BftESfcRTfflttfflflBtfx tuiB-;*3 ;u 
(7dw*<d«i8pt?+ * v ri^-*-* x if mil 2 o kkk 

[If mil 2 4 ] H4EffiS»ftStttSB*tA<x mrEWHftil 
oTWtr, ^LTtSiafgl iSSP^i:t/t5IB^ 2 iSSU^d 
* 'i>& < h -^(z BfflSWl;: L Tlx 9 Wit e x 

ifmni dissffitDffliio 

[IfmiI2 5 ] tfrEfaM«ffitt«*t#x *MBMS*» 

*'j>«c< fct-*-icitjew[3iii^UTflx | 9Wite»n*x 

If mil 1 (-lB®c(DfflMo 

[it mn 2 6 ] tKrEft»jatattaw/j<u **>£ffit x. 
^»x ifmni iciBttoffljio 

[IfmiI2 7] flfrE'JfK>*<x fiftx ^7V^A, □ 

v^a, ft N ^>^^>, a3«fctf f *-K^<D-&ft^e»ft 

£»^&»!R**v5&«4#t?x If mn 2 6l3K«a>/8 

[IfmH2 8] h5E'J^>/)<x SftfeJ:t/^>^^^ 
><D-&ft&^fc\ If mn 2 6 KIBSto/BMo 
[IfmiI2 9] H&E6-t±A.*#=i-<;u^ 7f>U7 

t\ if mn 2 6i^i3te^^^o 
[lfmn3 0] «frE6-y:^§D-f jua<x -^^;u- 

^^V^ti^ft^r^tx »*«2 9(^E«EOffl*o 

[if mn 3 1 ] ffiE<*M«fitttffl*t*<x m^l3bi±^# 
^zi-f jua)«iai*i-c«A/-s?L^x ifmni icib^cd^ 

[If mil 3 2 ] ffiE6>4±^*#3-< JU©'J>*< fcfe — 

«(3B3»*nfcf»s=i-f ;i/ft*6i3flSA«>x ifmni ic 

IBiSCD^^o 

[If mn 3 3 ] WEftMttlfittSPtttfx «JE«H=i 
;HCHI^L/T^i9Wit6tL5. IfmiI3 2f^Ett<Dffl 

m 

IB«c<»«m 0 

cn*«7h; I Pl3«i**tufci:*ttl2 0' *i8xTfflttt«J: 


(3) 


WRW 10-198 


[0 001] 

)l-C&Z>o *«0fl<D*ttfcfc3*<D(ix fl2rii«*;tv5e» 
ia^rfft/^WSfiJftttttSlJtt-fstretch-resi sting mem 

(collapse), JSJS(binding) Us c^iCJ;^ PMdft 
b^^j;^f: N WB©rt8PT*3MBA,-rU£ 0 -HH± 

JBfiJl^tiWSo co)Jfe«»SPi±s ftSWKtex =i-f;u*<* 
EitatDigjix * t ii^@BS(c j: 3 ^ =i -r t^owm 

wis^sp * « ^ r $ijsp nr#g i^sfe a * n % o ftm&m />< 

c: *x tfSSib Is fpjtt * ^ - ^ <z>9te & 5i i: t 0 fl pJtg \z 
fcx «<t(D«mfl*(braid)-r«a*Hf#2)o -Oflm 
^>o zcomMlt, a^-T^U:^-;* (sheath) 4au*rtt 

[000 2] 

mmz\zt>T-T)i%ifrLTmm$H&ftmm!$&M£fz. 

7^^^Tr^)0!#^(fnay be dimensioned), m^^^T^> 


A,tt:W il^^ fi«tl/«l6tufc<Iffi*(woven braid) 

4ElJixr£j8H#3&£<DT?x *«0^©#!rlcli. SMft^fn] 

[0 0 0 3] WfflOifiittiaSffl^ffyi: LTs Ritchart 
£ ©^B^WSM , 994 , 069-^-fi, ff ifi L fe fc 6 

JgJKR8*:t^Jlll«g0S=i-f ^*IB«8UTt^i> 0 ffiSa>SP 
Ritchart£[* x «*0)?ett41B« UTtv^ 0 Bfl^c*Jh,fc 

[0004] a/?©-;^«i^»9f+i7-&nfea^sp*t 

4W"T * jflieBHS^ >f Chee 6<Z)$fcllWIf »5, 304, 

194-^fcjj*;*;h/ru£o Chee£[* N »«ISP*tA<iE3tfl«l 

A,*£fllS4i3«LTl^3o 3ti£GD=W ;H±. Ritcha 
r t ib \Z «fc tu^ v IS ^ o "T <* teftm H±^-=r 

^©eteftaa-rsct-pfcKJt^tt, ^lt^?-x^ 

^fcfi^SP (cavity) [cteL^Tx 5ft«^*bfc?B«*fcli 

SP**i±x jfli«*rta)^Ppit36*Ux 3b^*»ofl5dtfeJx 
T/^©a<DB8a«at»(al1ied tissue)0)fl5rit«:ffia-r* 

[0 0 0 5] JBttfbUfcU'f ;Ufe«fct/tttt(DD-f ;utt: 

*^©D^;i/0%aW*:ffUaiL/<D«f.ftIB«LTL\Si 
nbCO^rF (Milf^ Ritchart^) (^*0x.T, 

« k fe mm «t ^gpteT? =i -< ; u ^ j* m -r ^ fe o mo 

^<t7)^a*<fe4 0 *H^f 2 F^5 J 354 J 295-?-fcctr/^CD 
^I i FO)fW]m5,1 22,136^- ( ^Gugl i elmi 

[0 0 0 6] «/?C0«rt(lWl3«t«nrilBftffl*feixfcajEP 

T^^o WifSx Sepetkaco*H^f i F^5 J 234,437-^-fi, 
**.-&t^®ft*-r 5 If Ui -f ^40 

LTii-r-r^?±4^LTU^ 0 Palermoco*[l^fF^5,2 
50, 071^-lix JftlJ Lftfi J:t7S14=] ^UflDiS^lCttB* 
tufe(mounted)(Hi^.^^-y:gi6s : (clasp)4^i>'Sx 

J^7 7 ^?>^'U4^UTC^^o Engelson(D*ll»ifSB 


(4) 


»Bfl¥ 10-198 


5,261 W^to-ttiK-JUfi«kl/+-»Sa*S 
SPft*-ri»s Kflffi RTIBftfftH L«-JliieBfl8=i -f vurtr 
>7U^LTL^ 0 Twyford ^(7)^11^1^5,304, 195 

^tfSA^o PalerfnocD*[llf#f^5,312,415-^t g= 

£ 0 Palermo&(D*ll1$« : »5 l 350 I 397-?-|± N ^ODaflE* 
l^^a - h (throat) 4*-r*WaiL/*fe J: t/?-G)W*iS 

[0007] mm<D-)^m^^^m^t^h^ ±<m 

Beren8tein6lCcfc5*ll1*fl : ttSISI»07/978 J 320-g- (1992 
[0 0 0 8] 
[0 0 0 9] 

$P£^Lx ±IB* 1 4HgPh±iB» 2 4»SBfc(DPfl<Z)eaSfe 
affi-r4^8P6^«S-*=i-f^ ; fcckt/ (ii) ±13 

Wlffi&al t> "Cfat/x 5J>3fic < fcfe 2OC0©F/rT*±13— 

[0 0 10] >fJ|gl3&:||jSfiJB«fcfcUTI±x ±Ififflmi*x 
±13*1 4BSPfe < kU c ±EK2i«SPa)-5 td>6:< ht-^ 
left 9 ft W- 8 n£I3gft«SP£1/t *. £ o 

[0 0 1 1 ] »»fcSffifig«[;:fcu-ri±x ±iBBB«ft*S 

[0 0 12] »aft*SSB8«tfeUTI±x ±mm9zim 

t. MK-r £ «fc d * «fc o «attRiffife4Bgp 

[0013] »aa3&ssffl6iB«i^fc(,^Ti±x ±i3f*3BjftSi 
[0014] im^mmmmizB^r^ ±mmmm 

ttSP*tl±a»C0M*i«:«x. * o 
[0 0 15] »aft«fl£««tfe^TI±. ±ett»»ln 


[0 0 1 6] »aft*Jfiffi«fz*5i\TI±x ±lBf*iS»6i 
[0 0 17] Wau6:||fflSfi8«[cj3UTI±x ±lBfflHI*- 

[0018] wafesSJt««iife^Ti±x ±i3&-tt*,« 

X^>x fc«fct/^-n6 0)'&AA^6*;-5i¥/)^51tR^tL* 

[0019] wa&g!Sfcm«i;:fc^Ti±x ±13 

[0 0 2 0] S?JBfeS|]SfiS8«lcfe^TI± N 113^^ 

[0 0 21] »fflft*flgSB«[cfe^TI± x ±13 

[0 0 2 2] ff»fc*faJB«lzfc^TI±x ±I3/I3*lix 

[0 0 2 3] »aft*fflgffl«l^*5txTI*v ±!BfflMlix 

fiS X^ o 

[0024] »afcsat»«icfci>Ti±s ±E#isaaa; 

[0 0 2 5 ] ffaufe^Jtfi8«l^tei\Tf±x ±13#!B»fit 
ttSP#l*»«rffltttMIIB*#Co 
[0 0 2 6] »»fcH]ffiffi«l3fc^Tl± N ±IBIftRrSiffi 

[0027] »aftsatjB«ic*ju\Ti±x ±iB^Rimt4 

[0028] #afe*«««i;:fci*Tf±x ±EifcRraatt 
ffiiiiv ±§3— jkz>'J>&< fct— *(75fiasp±fcffi 

[0 0 2 9] #»ft£j*f»«[zfc^TI4x ±§Bft3SJ£}n 
t±SP**iix ±13— ;ucod»&< tt— *a)4»SPr^ 

9f*l±6;fv5o 

[0 0 3 0] »afc*»R8«fcfc^Tfix ±13* fy7 
fix ±E-;ft=i -f^Ufc 11 L^itgTfe^o 

[0031] »aft*j«tt«icj3^Ti*^ ±iB&qrsit£ 
»bbi±x ±13— ;*=i^;u(Di^*cp«}gpT?*^ «v^*fl5ja 

[0 0 3 2] »i»&*J51Efi|«lc:fcu^Tli N ±I3#3SJ&ta 
ttSP*tl±x ±!3»B*aoTfflt/x *UT±I3*1*BSP 

[0 0 3 3] »aft||JtJB«^33L\TI±, ±!Bff?ItS}?C 
ttSPt*!±x ±IB^K451^Tf*r/x ^UT±i3»14«SP 
«t ^±13*6 2ifi}SP©-5-fe'J>fe<4i«fe-* f Cit Jg W f ' H 

[0 0 3 4] »a)fellJSfi8«[Cfct^TI±x ±13f*a»ta 
ttSP*tl*U^>*:1»i* 0 


(5) 
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[0 0 3 5] »aft**»«tfiUTI±, ±1B'J/K> 

Co 

[0 0 3 6] »fflS:S8]ffiBB«lci3L^ri± x _L1B U ^* > 

[0037] s?aafej|]Sfi88aifcfeuT[i, ±iee>-£A,# 

[0 0 3 8] »»3fc*]«!B«^«UTI± % ±E6tt^ 
[0 0 3 9] »**:SiaS(B«tfetxT[±x ±Eff3I»tn; 

lilfe'S o 

[0 0 4 0] »»ft*Jtffll*tfe^ri±. ±IBffl*l±. 

±Ee>t^«£=K;U©'J>ft < tfe— S"(D4BSBl3teU 

[0041] #»fcS!JfifflraicfcL\TI±x ±Ef*iiffiST: 

[0042] w^ftiimMSfcfc^-a*. ±iBff?wftffi 

ttSPWIi. ±IH«H =i -f ;u±© ^ y tune bxix 0 
[0 0 4 3] »JiftSIJSfflaKcj3^Tf±, ±E 

0° 4iBiLTJB«-S-4J;a36;nr»ltt«:*-r*o 
[0 0 4 4] »J»*:SlfflsSB«lct5^Tf± x ±Ee»^S 

[0 0 4 5] »ffl3&*jSfi«8Sl^tJC\TI±. -LIB/BHiix 
±Efct^*&— &3^yi/(D<J>fc< -ht-SP^felx^El 

[0 0 4 6] JilTtft^«:E«-r*o 

[0 0 4 7] e>-t±A,£fci±— ;* 

e> -t* A,«sp*t ^ Ji^riE-r s z t. f - cfc k> mat $ ti £ e> a,« 

*=i-f ;u*{tx.SifliWI!BSfflaT&^o -co <fc 5 KJKrii 

DWIJ-6*x4o f*»tttattSP*t«U #*L<li=]-f;H*| 

tn-f ;K3Dtt3»(binding)4BS<- 0 
[0048] -tfi^ttA,!*. M£ U < liffiSfiffifittSSB*!- 

<7><Z> 1 -o-c&Vm&o z.(D<ko ftflstfc 
It. ff]*lf x UMlSx Cli:[3«t4fc7-f ^^^USfcttAV 
M©<fc5ft]fil«RSP*3fc«L»§o =W VK0«*O>SP# 


«fc -3 i^to-y: a h»5 0 RiflStt anisic =i -r ;u 

tfiflTfeSo A<x ±ESPtt-|il«6*L*A\ £ 

[0 0 4 9] C(3fflJ|(£, i&H!OiSl;Tffl:R&— B#WK 

lis *-<z>»ffillBaSP#x ftrtroaiR^ttfcgPffif^&l),*; 
a^ttpJfc^fcteSLru^o ;£^t:x ^cDffiSlix * 

4«A^llllS»8P^tta3*ix5fcx ^09ft«L/fcJEtt*fe 

[0050] ccDfflmfix ft^w^iix thj&e«-pte 

[0 0 51] ^bll, *«RH<DS53&S®*rJKJ5l6-r^a) 
It, **B^©jJi«B*ffl*fca«i»ifi|tt*7 t -^;Ui:© 

[0 0 5 2] 

CD=WJM100. 200. 2io)©*«lca* LI^S»K0U*ij* 
rfRiJMSP^Iff® (*fcl«08O Mfc^-To 
[0 0 5 3] i2] 1 ©Afc«fc^B[^^*^aEJKffJ[±x SB 
1«ttB (104. 204) fei:I/^2^SP (106. 206) 4*f 
£S-&A,«S^SP=]-f ;U (102. 202) A* €> <* *l£ o 

t5o -^t>C7)^f«[i. ^14SSP (104. 204) fecfctf 
fg2«gP (106. 206) (Z)^l^l|^LTW0«-lteitLT 
t^3fcA<^£*L*{*affittt4SPtt (108. 208. 214) 
*fflt**o W*flDtt3iTTI±. ffaffitattfiPW (108. 2 

08) 4x 2o©tBgpo-5*— yioifriz, 3titi*mm&wi 
©'J>ft< fct 1 ocogpfifclxOMlt^^x t L<(i2a 

StttSP*t(±x 3>nu±(Z>!J»&:< fct 2 0(Dffi{K(point) 

[0 0 5 4] E9 1 a)AfC^^ti^^ff$^J^ff?gJ£iattgP 
(108) i*«*tttT?fe0x a*u<i£#u >r-K-rifc 
CKDffSfiffiiSttgPW (108) li. ^pJSgti«}Sg*fc 

7>r7^>h§t^s ^*i6>l±x JtaeHi»=K (10 
0) ±!^;gli^tuTt^^^^x JbeRBS^-f (100) 
»#jT?-=» I* & tiT i^Zfr, * o X ft It Hli'lfalT^ =i -f 
;U (100) KB*LTtt(9ftl*&;KT^*o 
lix »^a)ffl»lcWbT»JiEt4*fcl±««W»ll*(con 
ductance)*a«-rsfeA6^. f*ifi*fti5tt4gp*t (108) F*g 
I1 1 o£ felt ttitt±fl!)4a<7)« 5 «(strand) fc£t?£ 

[0 0 5 5] [11 0) B f3^^*vSSEJBff>J©#5Hfttat*6B 


(6) 


nmw- 10-198 


*t (208) Its *W9-f**fcli TijTjfVj TfeOx 3 

(Dm&y<<^&tc\$ ru^->j f± x fgiijgsj (204) , 

(206) , *fef±D^;i/©j^iBSP©cfiPp1l^fcS 

3>rju/j^«di*tLSf*5iffifiittsp*t (214) *mxT 

feOx ZOfc-th^SD-f JU±, ff§ 1 i»SP ( 204) 
li*2«gB (206) . t,U<(±1^*fcli^-ixJ^±(Z)* 

3tti*&;h.Tu*o zmmcDwmmmm (214) 
i±x y^^mcDmm m 1 a3B£D208) <tot,*s& 

(202) fc|S)l;Sfp}Av *fel±S'J(Z)^fp]A^a)0^-rix/)MC 
[0 0 5 7] liflBi^^^ (102, 202) fc.fcl/flJKifi 

^tisp« (108, 208. 214) *mmirz>(D\zi$im£tiz> 

&ffli*4x£o -&=KA> (102 N 202) fccfcT/f*Mf&ffit* 
SP*t (108, 208. 214) kfiiiitT 2>V 4 WZ&TZ&m 

A. /\°^V^A. fc&tfCl^ >^7^^>, 

(Dit, &&/*>#Xt>'&& (fclilix 8%A<*>y' 
[0 0 5 8] U?K>*fcl±=i-<;KD#iBfSStt4eP*t (20 

8, 214) itttz, »«n«^aattfeckt/praBtta)^< e 

«4:»6l*-r**t»Tfe4 0 tt^CD r^ti^j hit 

(£, ^^;U/^^>^ (48— 58J^%CQ- 'V 

ffitfr&S (38-42M%©a») ; 1 -10Sfi%©^'J 

&^-fZ>M/m£'£&; &fa\t-v>r)\,/7)m-0 
(36— 38JS?-%(D7'^5H'>ix) A^I/'&ttSo 
ttlZ*?* UU<Z>l£x *H^f^3,174,851^ ; 1^3,35 
1,463-t ; fe«kt;i5|fS3 l 753 l 700^CE«**t*dft-P* 
So WB'Jfc»3; L^©l*x r-^y -;Knitinol)j 


[0 0 5 9] ^^y-JKDi^ftiBHMt^ft^fflafctt 

'J^t\itg-x?fei9»^o 

[0 0 6 0] u*OK* N y^n>(Dacron)(/1fU iXr 
;U) x /^'jyj=i-;UHx /KUfLKx ^;U^D/lfUT- 
(?K Ut h77^Qlf l/» n ^ □ >(tKU t 

k) x *fciitt*iMMia>«fc-5 6:x »i*«*aattoaMt 

[00 6 1 ] zi-f JU#»(± % $tt\ -Jfe=i.-f (102. 2 

02) \zmfrh*z>o — ;ft=i-r;n±x 
^ixfc«l±«ttTfe^ 0 ~9SWI^w^li\ ;u (10 
2. 202) l±£«=]*OUTfe0x L/A^«fe€-0)=i-<JUA<S& 

^x ( 102, 202) ©HaSICffiffl^nS^-f ^OW. 

glix 0.00025-T >^(0.00635mm)h0.006^ >^(0.0152 

4mm)hcDFB^<DiBigrtT&£ 0 3®9-f-^iix 0.003>f> 
^(0. 0762mm) h0.025-f >^(Q £(Dm(D—)km%L 
Zm-tZ-ft^J )\s ( 102, 202) f^^ti^o ttmo 
»igjftl*a)ajSffi[CWUTI±x Lt^— (10 
2x 202) (Dfiglix 0.008-f >^(0 . 2032mm) ^ SO .018-f 
>5 1 (0.4572mill)-l?fe^o *«Rfl#e»l±x C0)=i-f JU9-< 

va<x atR^nfeSftcospffix «ia^fci*sspi*ia)^ 

^^[-^Urtif^-r^cQfe:+^^i^?ST l fef9f#x ±IBSP 
ffl(0l84SI)CW^ttiS-r*3iiA^<x ^LTifiil 5 ^^ 

sffli±x ttffl#*<x **t*^^^*>y»*ft*-r4 
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1 . Title of Invention 

STRETCH RESISTANT VASO-OCCLUSIVE COILS 

2. Claims 

1 . A vaso -occlusive device comprising: 

i. an outer helically wound primary coil having a first end and a 
second end, defining a lumen between said first end and second 
end, and 

ii. a stretch-resisting member extending through said lumen and 
fixedly attached to said primary coil in at least two locations. 

Z The device of claim 1 comprising a deployment tip attached to at least one 
of said first end or said second end. 

3. The device of claim 2 wherein said deployment tip comprises a 
mechanically detachable end adapted to attach to and detach from a 
pusher. 

4. The device of claim 2 wherein said deployment tip comprises an 
electrorytically detachable end adapted to detach from a pusher by 
imposition of a current on said pusher. 

3. The device of claim I wherein said stretch-resisting member comprises at 
least one fiber, 

6. The device of claim 1 wherein said streich-resi sting member comprises 
multiple fibers. 

7. The device of claim I wherein said stretch-resisting member comprises a 
wire. 
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8. The device of claim t wherein said stretch-resisting member comprises a 
helical coil. 

9. The device of claim 1 where the device has a secondary form, 

10. The device of claim 1 wherein said helically wound coil comprises a metal 
selected from the group consisting of platinum, palladium, rhodium, gold, 
tungsten, and their alloys. 

11. The device of claim 10 wherein said helically wound coil comprises an 
alloy of platinum and tungsten. 

1 2. The device of claim 1 wherein said helically wound coil comprises an 
alloy selected from the group consisting of stainless steels and super- 
elastic alloys. 

1 3. The device of claim 1 2 wherein said helically wound coil comprises a 
nickel -titanium super-elastic alloy. 

1 4. The device of claim 1 comprising a polymer containing a radio-opaque 
filler. 

1 5. The device of claim 1 additionally comprising externa] filamentary 
material attached to said primary coil. 


16. 


The device of claim 1 wherein the stretch-resisting member comprises a 
polymer. 


(16) 


10-198 


17. The device of claim 1 6 wherein the stretch-resisting member comprises a 
thermoplastic. 

18. The device of claim 1 7 wherein said thermoplastic comprises polyethylene 
terephthalale. 

19. The device of claim 1 7 wherein arid thermoplastic comprises 
polypropylene. 

20. The device of cJaim 1 7 wherein said thermoplastic also forms a cap at 
located on at least one end of said primary coil. 

21. The device of claim 1 wherein the stretch-resisting member adheres to at 
least one end of said primary coil. 

22. The device of claim 20 wherein said cap is of the same diameier as said 
primary coil. 

23. The device of claim 20 wherein said thermoplastic forms caps at both ends 
of said primary coil. 

24. The device of claim 1 wherein the stretch-resisting member extends 
through said lumen and is fixedly, indirectly attached to at least one of 
said first end and second ends. 

25. The device of claim 1 wherein the stretch-resisting member extends 
through said liiraen and is fixedly, directly attached to at least one of said 
first end and second ends. 
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26. The device of claim 1 wherein the stretch-resisting member comprises a 
ribbon. 

27. The device of claim 26 wherein said ribbon comprises a metal selected 
from the group consisting of platinum, palladium, rhodium, gold, tungsten, 
and their alloys. 

28. The device of claim 26 wherein aaid ribbon comprises an alloy of platinum 
and tungsten. 

29. The device of claim 26 wherein said helically wound coil comprises an 
alloy selected from the group consisting of stainless steels and super- 
elastic alloys. 

30. The device of claim 29 wherein said helically wound coil comprises a 
nickel-titanium super-elastic alloy. 

31. The device of claim 1 wherein the stretch-resisting member is loose within 
the lumen of said helically wound coil, 

32. The device of claim 1 further comprising an anchor coil Located coaxjally 
within the lumen of the helically wound coil at least one end of said 
helically wound coil. 

33. The device of claim 32 wherein the stretch-resisting member is fixedly 
attached to said anchor coil. 

34. The device of claim 33 wherein the stretch-resisting member is fixedly 
attached to a hook on said anchor coil. 
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The device of claim I wherein Ihc helically wound primary coiJ has a 
flexibility such that one centimeter will tkx more than about 20° when 
h«ld horizontally. 

The device of claim 4 wherein ibe helically wound primary coil has a 
flexibility such that one centimeter will flex more than about 20° when 

held horizontally. 


37. 


The device of claim 36 further comprising in combination a flow-directed 
catheter surrounding at least a portion of said helically wound primary 
coil. 
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3 . Detailed Description of Invention 

RET.ATFD APPJTr AT|Q N s 
This is a continuation-in-part of U.S. 08/71 7,285, filed September 20, 
1996 which in turn is a continuation-in-part of 08/607,593, filed February 27, 
1996 and 08/497,33 1 , filed June 30, 1995, the entirety of which are incorporated 
by reference. 

FIELD OF THE TNVRNTTTnM 
This invention is ao implantable vaso-occJusrvc device. It is typically a 
vaso-occiusive coil comprising a primary helically wound coil which may then be 
wound into a secondary shape. Centra! to the invention is the use of a stretch- 
resisting member extending through the lumen formed, which stretch-resisting 
member is fixedly attached, dirwtly or indirectly, to the coil in at least two 
locations. The stretch resisting member is preferably somewhat loose within the 
interior of the lumen so 10 prevent the coil from collapsing, binding, and therefore - 
stiffening during passage of turns through the human body, The coil should bend 
easily. In some variations of the invention, the stretch-resisting member may be 
formed into coil tips at the ends of ihe coil using simple equipment such as 
soldering irons or the like. The tips are typically of the same diameter as is the 
coil body itself. This stretch-resisting member is for the primary purpose of 
preventing stretching of the coil during movement of that coiL, e.g., by retrieval or 
repositioning after deployment. The device may have a self-forming secondary 
shape made from a pre-formed primary linear helically wound coil, although it 
need not have the secondary form. Desirably, the coil is extremely Flexible and is 
contrullaby released using a severable or mechanical joint such as an 
electrolytically detachable joint. External fibers may be attached to the device and 
affixed to the pre-forrned linear member to increase mrombogenicity. The 
extremely flesdble variation of the invention may be hydraulicaily delivered 


(20) 


%?m¥ 10-198 


through the lumen of a catheter and is so flexible that it may be retrievably 
delivered therethrough a flow-directed catheter. The vaso-occlusive member may 
be also be covered with a fibrous braid. The device is .typically introduced into 
the body through a catheter. Ine device is passed axialry through ihe catheter 
sheath and assumes its secondary form upon exiting the catheter. 

RArKflpni THE IMVKMTinTM 

Vaso-occlusion devices are surgical implements or implants that axe 
placed within the vasculature of the human body, typically via a catheter, either to 
biock the flow of blood through a vessel making up that portion of the vasculature 
via the formation of an embolus or to form such an embolus within an aneurysm 
stemming from the vessel. One widely used vaso-occlusive device is a helical 
wire coil having windings which may be dimensioned to engage the walls of the 
vessels. Other less stiff, helically coiled devices have been described, as weJl as 
those involving woven braids. Virtually all such vaso-occiusive implants are 
delivered by wire-guided catheters which devices are pushed through the catheter. 
Because of the need for a pusher and concerns for recovery of such vaso-occlusive 
devices should they be maiplaced in the body, if is unlikely that prior to this 
invention has there been a vaso-occlusive device of a form similar to this 
delivered through a flow directed catheter. 

As an instance of an early vaso-occiusive device, US Patent Na, 
4,994,069, to Ritchart ©t al_, describes a vaso-occlusive coil that assumes a linear 
helical configuration when stretched and a folded, convoluted configuration when 
relaxed. The stretched condition is used in placing the coil at the desired site (by 
its passage through the catheter) and the coil assumes a relaxed configuration - 
which is better suited to occlude the vessel -- once the device is so placed. 
Ritchart et al. describes a variety of shapes. The secondary shapes of the 
disclosed coils include "flower" shapes and double vortices. A random secondary 
shape is described, us well. 
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Vaso-occlusive coils having attached fibrous dements in a variety of 
secondary shapes are shown in US Patent No. 5,304,194, to Chee et al. Chee et al. 
describes a helically wound device having a secondary shape in which the fibrous 
elements extend in a sinusoidal fashion down the length of the coil. These coils, 
as with Ritchart et al., are produced in such a way that they will pass through the 
lumen of a catheter in a generally straight configuration and, when released fit>m 
the cadictcr, form a relaxed or.foldcd shape in the lumen or cavity chosen within 
the human body. The fibrous elements shown in Chee et al. enhance the ability of 
the coil to fill space within the vasculature and to facilitate formation of embolus 
and subsequent allied tissue. 

There are a variety of ways of discharging shaped coils and linear coils 
into the human vasculature. In addition to those patents which apparently 
describe only the physical puelung of a coil out into the vasculature (e.g., Ritchart 
ct ah), there are a number of other ways to release the coil at a specifically chosen 
time and site. US Patent No. 5,354,295 and its parent 5.122,136, both to 
Guglielmi et al., describe an dectrolytically detachable embolic device. 

A variety of mechanically detachable devices arc also known. For 
instance, US Patent No. 5,234,437, to Sepetka, shows a method of unscrewing a 
helically wound coil from a pusher having interlocking surfaces. US Patent No. 
5,250,07 3 , to Palermo, shows an embolic coil assembly using interlocking clasps 
mounted both on the pusher and on the embolic coil. US Patent No. 5,261,916, to 
Engelson, shows a detachable piishcr-vaso^cclusivc coil assembly having an 
inter rocking ball and keyway-rype coupling. US Patent No. 5,304,1 95, to 
Twyford et ah, shows a pusher-vaso-occlusive coil assembly having an affixed, 
proximally extending wire carrying a ball on its proximal end and a pusher having 
a similar end. The two ends are interlocked and disengage when expelled from 
the distal tip of the catheter. US Patent No. 5,3 12,41 5, to Palermo, also shows a 
method for discharging numerous coils from a single pusher by use of a guidewire 
which has a section capable of interconnecting with the interior of the helically 
wound coil, US Patent No 5,350,397, to Palermo et al., shows a pusher having a 
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throat at its distal end and a pusher through its axis. The pusher sheath will hold 
onto the end of an embolic coil and will then be released upon pushing the axiaily 
plQccd pusher wire against the member found on the proximal end of the vaso- 
occlusive coil. 

Vaso-OCclusive coils having little or no inherent secondary shape hove also 
been described. For instance, in US Patent Application 07/978,320, filed 
November 18, 1992. entitled "Ultrasoft Embolization Coils with Fluid-Like 
Properties" by Berenstcin ct al„ is found a coil having little or no shape after 
introduction into the vascular space. 

None of these devices are helical coils which contain a stretch-resistirjg 
member contained therein. 
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summary of THF TFYTWfPM 

The present invention provides 

t\ vaso -occlusive device comprising: 

i- an outer helically wound primary coil having a first end and a 
second end, defining a lumen between said first end and second 
end, and 

ii. a strctch-rcsisting member extending through said lumen and 
fixedly attached to said primary coil in at least two locations. 

in a preffered enbodiment, 

tke device comprising a deployment tip attached to at least one 

of said first end or said second end. 

tn a preffered embodiment, said deployment tip comprises a 
mechanically detachable end adapted to attech to and detach from a 
pusher. 

In a preffered efflbodinent, said deployment tip comprises an 
eiectrolyticaliy detachable end adapted lo detach from a pusher by 
imposition of a current on said pusher. 

in a preffered embodiment, said stretch-restsiing member comprises at 
least one fiber. 

In a preffered enbodinent. said rtreich-resi sting member comprises 
multiple fibers. 

In a preffered eabodinent said stretch-resisting member comprises a 
wire. 


(24) 


«M¥ 10-198 


Jn a pref fered eabodiment, said stretch-resisling member comprises a 
helical coil. 

In a pref fered embodiment, ihc device has a secondary form. 

In a pref fered embodiaent, ^ d helically wound coil comprises a metal 
selected from the group consisting of platinum, palladium, rhodium, gold, 
tungsten, and their alloys. 

In a pref fered embodinent, sa id helically wound coil comprises an 
alloy of platinum and tungsten. 

In a pref fered embodiment jaid helically wound coil comprises an 
alloy selected from the group consisting of stainless steels and super- 
elastic alloys. 

In a pref fered embodiment, said helically wound coil comprises a 
nickel-titanium super-elastic alloy. 

In a pref fered embodiment, 

-fce device comprises a polymer containing a radio-opaque 

filler. 

In a pref fered embodiment, 

rhe device additionally comprises external filamentary 

material attached to said primary coil. 


Jn a pref fered eabodiment, 
polymer. 


the stretch-resisting member comprises a 
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In a preffered eabodinent, the strelch -resisting member comprises a 
thermoplastic* 

In a preffered embodiment, said thermoplastic comprises polyethylene 
terephthalate. 

Fn a preffered embodiment , flajd therrnoplaatic comprises 
polypropylene. 

In a preffered entbodiment said thermoplastic also forms a cap at 
located on at least one end of said primary coil. 

Id a preffered embodiment, the stretch-resisting member adheres to at 
least one cod of said primary coil. 

Fn a preffered enbodi merit, ; said cap is of the same diameter as said 
primary coil. 

In a preffered enbodiraent. said thermoplastic forms caps at both ends 
of said primary coil. 

In a preffered embodiment, the stretch-resisting member extends 
through said lumen aod ia fixedly, indirectly attached to at least one of 
said first end and second ends. 

In a preffered enbodiment, the stretch-resisting member extends 
through said lumen and is fixedly, directly attached to at least one of said 
first end arid second ends. 
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In a preffered embodiment, the stretch-resisting member comprises a 
ribbon. 

In a preffered embodiment, said nbbon comprises a metal selected 
from the group consisting of platinum, palladium, rhodium, goJd, tungsten, 
and their alloys. 

In a preffered embodiment, said ribbon comprises an alloy of platinum 
and tungsten, 

In a preffered embodiment, said helically wound toil comprises an 
alloy Selected from the group consisting of stainless steels aod super- 
clastic alloys. 

In a pref fexed eabodiaent, said helically wound coil comprises a 
nickel-titanium super-elastic alloy. 

In a preffered enbodiment. ( the stretch-resisting member is loose within 
the lumen of said helically wound coil. 

In a preffered enbodiment, 

fhe device further comprises an anchor coil located coaxiaJly 

within the lumen of the helically wound coil at least ooe end of said 
helically wound coil. 

In a preffered embodifient, the stTetch-resistwg member is fixedly 
attached to said anchor coil. 


In a preffered embodiment. the stretch-resisting member is fixedly 
attached to a hook on said anchor coil. 
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In a preffered enbodinent, the helically wound primary coil has a 
flexibility such that one centimeter will flex more than about 20* when 
held horizontally. 

In a preffered eminent. the helically wound primary coil has a 
flexibility such that one centimeter wiJi flex more than about 20° when 
held horizontally. 

(n a preffered embodiment, 

fbe device further comprises , in combination a flow-directed 

catheter surrounding at least a portion of said helically wound primary 
coil. 


This invention is a v&so -occlusive device comprising a helically wound 
coil which is formed by winding a wire into a first or primary helix to form an 
outer helical member having first and second ends. A stretch resistant member 
extending through the lumen thus-formed is fixedly attached, directly or 
indirectly, to the coil in at least two locations. The stretch-resisting member is 
preferably loose within the coiJ to prevent binding of the coil during passage of 
the coil through turns in the vasculature. 

The primary heJix may be wound into a secondary form and heat-trealed to 
preserve thut form, desirably prior to the step of including the strctch-resi sling 
member into the coil. The secondary form may be one which, when ejected from 
a delivery catheter, forms a specific shape. Such a shape might, e.g., fill a 
vascular cavity such as an aneurysm, or perhaps, a fistula or AVM. The stiffness 
of die various parts of the coil may be tailored to enhance the utility of the device 
for specific applications. Extremely flexible coils are highly desirable. Fibrous 
materials may be woven into the member or tied or capped onto it to enhance the 
thiombogenicity. 
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The device is used simply by temporarily straightening the device, as 
necessary, and introducing it into a suitable catheter, the catheter already having 
been situated so that its distal opening is at the selected site in the body. The 
device is then pushed through the catheter and, upon its ejection from the distal 
end of the catheter into the vascular cavity, assumes its relaxed or secondary 
shape. 

The device is typically used in the human vasculature to form emboli but 
may be used at any site in the human body where an occlusion such as one 
produced by the inventive device is needed. 

Also forming an important aspect of this invention is (he combination of 
this inventive vaso-occlusive device with a flow directed catheter. 

DESCRIPTION OF TUP rKVPNTTO TM 
Figures 1 A, IB, and 1C show side-view partial cross-sections (Or 
cutaways) of highly desirable variations of the inventive coil (100, 200, 210). 

The variations shown in Figures 1 A and IB are made up of a helically 
wound outer coil (102, 202) having a first end (104, 204) and a second end (106. 
206). We refer to this form as the as the "primary" winding or shape. These 
variations include a stretch-resistin B member (108, 208, 214) wliich show* to 
be fixedly attached both to ihe first end (1 04, 204) and to the second end (1 06, 
206). In certain circumstances, it may be desirable to attach the stretch-resisting 
member (108, 208) only to one of ihe two ends, to at least one site between the to 
ends, or to neither of the 1 wo ends. Clearly, for attaining stretch resistance, the 
stretch resisting member must be attached to at least two points on the coil. 

The stretch-i -fisting member (108) of the variation shown in Figure 1 A is 
fibrous and desirably polymeric. The stretch-resisting member (108) may be 
thermoplastic or thermosetting and comprise a bundle of threads or a single 
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filament melted onto, glued, or otherwise fixedly attached to the vaso-occlusive 
coil (100). In some instances, it may also be desirable to include one or more 
metallic strands in the stretch-resisting member (1 08) to provide stiffness or 
electrical conductance for specific applications. 

The stretch-resisting member (20S) of the variation shown in Figure IB is 
a simple wire or "ribbon" which is soldered, brazed, glued, or otherwise Fixedly 
attached to the first end (204), second end (206), or to the coil at one or more 
locations intermediate to those the ends. 

The variation shown in Figure 1C includes a stretch-resisting member 
(214) which is comprised of a helically wound coil which is soldered, brazed, 
glued, or otherwise fixedly attached to the first end (204) or second end (206) or 
in one or more intermediate locations. The stretch-resisting member (214) in this 
configuration provides a greater measure of lateral flexibility than the wire 
variation (208 in Figure 1 B). It may be wound in either the same direction as is 
the outer ©oil (202) or in the alternate direction. A modest drawback to this 
variation is that it will stretch more than the Figure IB variation when axially 
stressed. 

The materials used in constructing the vaso-occlusive coil (1 02, 202) and 
the stretch resisting member (108, 208, 214) may be any of a wide variety of 
materials; preferably, a radio-opaque material such as a meta] or a polymer is 
used. Suitable metals and alloys for the wire making up the primary coil (1 02, 
202) and the stretch-resisting member (108, 208, 214) include the Flarinum Group 
metals, especially platinum, rhodium, palladium, rherrium, as well as tungsten, 
gold, silver, tantalum, and alloys of these metals. These metals have significant 
radio-opacity and in their alloys may be tailored to accomplish an appropriate 
blend of flexibility and stijGrhess. They are also largely biologically inert. Highly 
preferred is a platmWtungslen alloy, e.g., H% tungsten ainl the remainder 
platinum. 

The ribbon or coil stretch -resisting members (208, 234) may also be of any 
of a wide variety of stainless steels if some sacrifice of radio-opacity and 
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flexibility may be tolerated. Very desirable materials of construction, from a 
mechanical point of view, are materials which maintain their shape despite being 
subjected to high stress. Certain "super-clastic alloys" include various 
nickel/titanium alloys (48-58 atomic % nickel and optionally containing modest 
amounts of iron); copper/zinc alloys (38-42 weight % zinc); copper/zinc alloys 
containing 1 -10 weight % of beryl Lium, silicon, tin, aluminum, or gallium; or 
nickel/ajiiminum alloys (36-38 atomic % aluminum). Particularly preferred arc 
the alloys described in US Patent Nus. 3,174.851; 3,351,463; and 3,753,700. 
Especially preferred is the utanium/nickel alloy known as "nitinol". These are 
very sturdy alloys which will tolerate significant flexing without deformation even 
when used as very small diameter wire. 

If a super-elastic alloy such as nitinoi is used in the device, the diameter of 
the coil wire may be significantly smaller than that used when the relatively more 
ductile platinum or platinum/tungsten alloy is used as the material of construction. 

The coila may be made of mdiolucent fibers or polymers (or metallic 
threads coated with radiolucent or radio-opaque fibers) such as Dacron 
(polyester), polyglycolic acid, polylactic acid ? fluoropolymers (polyteLrafluoro- 
ethylene), Nylon (polyamide), or even cotton or silk. Should a polymer be used as 
the major component of the vaso-occlusiv« coil member, it is desirably filled with 
some amount of a radio-opaque material such as powdered tantalum, powdered 
tungsten, bismuth oxide, barium sulfate, and the like. 

The coil material is first wound into a primary coil (102, 202). The 
primary coil is rypicaliy linear after it has been wound. Generally speaking, when 
the coil (J 02, 202) is a metallic coil and that coil is a platinum alloy or a super- 
clastic alloy such as nitinoi, the diameter of the wire used in the production of the 
coil (102, 202) will be in the range of 0.00025 and 0.006 inches. The wire is 
wound into a primary coil (102, 202) having a primary diameter of between O.003 
and 0.025 inches. For most neurovascular indications, the preferable primary coil 
CI 02, 202) diameter is 0,008 to 0.018 inches. We have generally found that the 
coil wire may be of sufficient diameter to provide a hoop strength to the reaulUng 
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device sufficient to hold the device in place within the chosen body site, lumen or 
cavity, without substantially distending the wall of the site and without moving 
from the site as a result of the repetitive fluid pulsing found in the vascular 
system. However, this inventive concept allows the user to util^c extremely 
flexible coil assemblies having very high packing efficiencies. For instance, coil 
wires having wire diameters of 0.0001 5" and less are suitable for such highly 
flexible devices. Typically the coil diameter will be 0.015" and leaa. They will 
"droop" more than about 20°, preferably 35° to 90* when about 1 centimeter of 
the primary form of the coil having a free end is held horizontally. 

The axial length of the primary coil will usually fall in the range of 0.5 to 
1 00 cm, more usually 2.0 to 40 cm. Depending upon usage, the coil may well 
have 10-75 turns per centimeter, preferably 10-40 turns per centimeter. All of the 
dimensions here are provided only as guidelines and are not critical to the 
invention. However, only dimensions suitable for use in occluding sites within 
the human body arc included in lhe scope of this invention. 

Once the primary ooil (102, 202) is wound, the stretch-resisting member 
(108, 208) is inserted into the lumen of the primary coil (102, 202) and secured to 
the coil as desired. Ends (104, 204, 106, 206) are preferably of the same diameter 
as is the primary coil (102, 202). 

Suitable polymeric materials for the polymeric stretch-resisting member 
(108) can be either mermosetting or thermoplastic. Thermoplastics are preferred 
because they allow simplification of the procedure for constructing the device 
(100) since they may be melted and formed into the end or ends (104, 106). 
Simple devices such as soldering irons may be used to form the ends. 
Thermosetting plastics would typically be held in place by an adhesive. Suitable 
polymers include most biocompatible materials which may be mode into fibers 
but include thermoplastics, e.g., polyesters such as pulyethyJencterephthaJate 
(PET) especially Dacron; polyamides including the Nylons; polyoleflns such as 
polyethylene, polypropylene, poly butyl en e, their mixtures, alloys, block arid 
random copolymers; polyglycolic acid; polylactic acid; fluoropolymers 
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(poiyictrafTuoro-ethylcnc), or even silk. Preferred because of the long history of 
safe and effective usage in the human body are fibrous PET (sold as Dacron) and 
polypropylene. Highly preferred is polypropylene. 

Figure 2A shows a side-view partial cross-section of one end of inventive 
coil (100). Figure 2A also shows the helically wound outer coil (102) having an 
end (106) which is formed from a formerly molten fiber which also makes up the 
stretch-reskting member (1 14). An end of this type may be considered to have 
modestly higher va^o -occluding properties than a metallic end. Other functional 
equivalents to this structure include ends (106) formed of glues such as eposes 
and their equivalents, and which are mechanical in nature. 

Figure 2B shows an external knot (112) which fixes the length of the coil 
member (1 02) and keeps it from stretching; Figure 2C shows a reformed mass of 
formerly molten polymer or of glue which is of a diameter larger than the inner 
diameter of coil (102) and prevents the coil from stretching. The knot (1 12) and 
block (1 14) are not shown to be attached to the coil (102) but may be. 

The variations shown in Figure 1 A, IB, 1C and 2 A. 2B. and 2C arc 
designed to be deployed by use of a pusher and a catheter in the manner discussed 
in Ritchart et al, discussed above. Other methods (and concomitant fixtures or 
joints to accomplish those methods) may also be used. 

For instance, the end of the device may be adapted to accept an 
electrolytically severable joint of the type discussed in US Patent No. 5,354,295 
and its parent, 5,122,136, both patents to Guglicimi and Sepetka, described above. 
Figures 3 A and 3B depict, in partial cross section, such variations. The vaso- 
occlusive coil (130, 230) is attached to a rill member or bushing (t 3 2, 232). The 
fill member or bushing (1 32, 232) preferably comprises a thermoplastic formed 
into place or an epoxy or the like and adheres, in turn, both to the stretch resistant 
member (134, 234) and the core wire (136, 236). The stretch-resisting member 
(134, 234) is thusly indiiecLly attached to the vaeo-occlusive corl (130, 230) via 
the fill member or bushing (132, 232). The core wire (1 36, 236) in this variation 
has an enlarged member which is embedded Li the fill member (132, 232). The 
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core wire (136, 236) is insulated, typically with a combination of 
polytetrafluoroethylene and PARYLENE (polyparaxyxylene), except for a small 
sacrificial joint (138, 238) which is intended to be the site of the electrolysis as the 
joint (138, 238) is eroded or severed and the coil deployed into the body site. The 
details of this variation (sans streich-resistant member (136, 236)) are discussed in 
Oiael al, US Patent application Serial No. 08/367,061, filed December 30, 1 994, 
the entirety of which is Incorporated by reference. 

Figure 3C shows an especially preferred variation of the inventive device. 
The assembly (131) employs a stretch -resisting member (133) which is connected 
indirectly to the coil (135). Specifically the stretch-resisting member (1 33) is a 
thermoplastic fiber or fibers which are melted to form a coil tip (137) at one end 
of the coil (1 35) and is looped about a hook (139) at (or in the vicinity of) the 
other end of the coil (135), An anchor coil (141) is coaxially situated between the 
vaso-occlusive coil (135) and the pusher wire (136). The hook (139) forms the 
final turn or half-turn of the anchor coil (141). The strelch-resi sting member (1 33) 
is thusJy indirectly attached to the vaso-occmsive coil (1 35) via the anchor coil 
(141). The anchor coil (141) and the vaso-occlusive coil (135) are preferably 
welded together. 

Figure 3C also shows the vaso-occlusive coil (J 35) in its maximum 
stretched condition. The stretch-resisting member (133) is shown resisting further 
axial stretching of the assembly. When the vaso-occlusive coil (1 3 5) is not 
stretched, the stretch-resisting member (133) would obviously be loose, i.e., 
normally longer than die lumen, in the lumen of the assembly (13 1), ffthe 
stretch-resisting member (133) is not allowed to have such a loose axial tit, die 
adjacent turns of the coil (135) would "bottom" against each other during passage 
through turns in the vasculature and cause the assembly (13 1) to become stiff 

Figure 4A shows still another variation of a joint for releasing the 
inventive coil into a site within the human body. In this Instance, the joint is 
mechanically deployed. The primary coil (140) incorporates interlocking clasps, 
one (142) located on an end of the coil (140) and one (144) located on the end of a 
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pusher (146). The stretch-resisting member (148) is attached to the interlocking 

Clasp (1 42) via a filler block (154). Again, the illler block (L 54) comprises a 
material (e.g., a thermoplastic or adhesive material) which may be placed in the 
coil and will adhere to the stretch-resistant member (1 48). The coil assembly 
(150), made up of the primary coil (140), interlocking clasp (1 42), and stretch- 
resisting member (148) is deployed by retracting catheter body (or sheath) (152). 
Figure 4B shows a variation of the device depicted in Figure 4 A which does not 
employ special filler block material (154) for adhering to the strcich-resistant 
member. 

Other mechanical ly deployable joints suitable for use with the inventive 
coil are described in; 

US Patent No, 5,234,43 7, lo Sepetka, (shows a method of 
unscrewing a helically wound coil from a pusher having 
interlocking surfaces). 

US Patent No. 5,250,07 l a to Palermo, (shows an embolic coil 
assembly using interlocking clasps mounted both on Lhe pusher and 
on the embolic coil) 

US Patent No. 5,26 1 ,9 1 6, to Engelson, (shows a detachable 
pusher/vasv-occrusive coil assembly having an interlocking ball 
and keyway-type coupling) 

US Patent No, 5,304,195, to Twyford et al. (shows a pusher-vaso- 
occlusive coil assembly having an affixed, proxirnally extending 
wire carrying a ball on its proximal end and a pusher having a 
similar end, which two ends arc interlocked and disengage when 
expelled from the disUl tip of the catheter) 
US Patent No. 5,3 1 2,41 5, to Palermo (also shows a method for 
discharging numerous coils from a single pusher by use of a 
guidewire which has a section capable of interconnecting with the 
interior of the helically wound coil). 
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US Patent No. 5,350,397, to Palermo ct al. (shows a pusher having 
a throat at its distal end and a pusher through its axis. The pusher 
sheath will hold onto the end of an embolic coil and wi)l than be 
released upon pushing the axiaily placed pusher wire against the 
member found on the proximal end of the vasoocclusive coil). 
The entirety of which are incorporated by reference. 
As was noted above, the devices of this invention may have the simple 
linear shape shown in Figures I and 2 or may have shapes which are not so 
simple. Figures 5, 6, arid 7 show what are termed "secondary" shapes hi that they 
are formed from the primary coil by the simple act of winding the primary coii on 
a form of a desired shape and then heat treating the so-formed shape. Figure 5 
Shows a "C* shaped coil assembly (] 60) having a stretch -resistant member (162). 
Figure 6 shows a clover-leaf shaped coil assembly (164) also having a stretch- 
resistant member (162). Figure 7 shows a double-loop coil assembly (166). 
These are indicative of the various secondary shapes suitable for this invention. 

Additionally, ihese inventive devices may also be used in conjunction with ^ 
various external Fiber adjuncts. Figure 8 shows a partial side-view of a linear 
variation of the inventive device (1 70) having filamentary material (1 72) looping 
through the coil (1 74). This method of attachment is described in greater detail in 
US Pat. Nos. 5,226,91 1 and 5,304, 1 94, to Chee et a), the entirety of which are 
incorporated by reference. A further description of a desirable fiber attachment is 
Shown in US Pat application No. 08/265,188, to Mirigian et al, filed June 24, 
1994. 

Figure 9 shows a partial cutaway of a device (180) having a braided 
covering (182) of a filamentary material and a stretch-resisting member ( 1 84). 
This method of enveloping a coil is described in greater detail in US Pat. Nos. 
5,382,259, to Phelps et al, the entirety of which is incorporated by reference. 

The fibrous woven or braided tubular materials may be made from a 
biocompatible materials such as Dacron (polyester), polyglycolic acid, polylactic 
□cid, fluoropolymers (polytetrafluoraethylene), Nylon (polyamide), or silk. The 


(36) 


WrSBT 10-198 


brands forming the braid should be reasonably heavy, e.g., having tensile strength 
of greater than about 0, 15 pounds. The materials mentioned, to ihe extent that 
they are thermoplastics, may be melted or fused to the coiis. Alternatively, they 
may be glued or otherwise fastened to the coils. Preferred materials include 
Dacron. 

Figure 10 shows a highly preferred assembly incorporating a number of 
desirable aspects of the invention. Specifically, the very flexible variation of the 
inventive vaso-occlusive device noted above, e.g., wherein the vaso-occlusive 
device is capable of "drooping" 20° or more and having a polymeric stretch- 
resisting member included therein, is especially suitable for inclusion in a flow- 
directed catheter and particularly when used with an electrolyticaJly severable 
joint. Figure 10 shows the flow-directed catheter (200) containing a very flexible 
vaso-occlusive coil (202) as described above and utilizing a similarly flexible 
strain-reeiBtant member <204). The flow directed catheter (200) may have a distal 
radio-opaque marker (206) if so desired. 

Proximally of the vaso-occlusive coil (202) is a connective wire (208) 
which is insulated at all points proximal of the electrolytic joint (210). 

The flow directed catheter (200) may be of any known design such as is 
found, e.g., in U.S. Pat. No. 5,336,205, to Zenzen et al, the entirety of which is 
incorporated by reference. "Flow-directed catheters" ore directed to the treatment 
site in the human body through the vasculature by the motive power of natural 
blood flow. The more distal segments of flow-dircctcd catheters are often of 
juaterials having significant elastomcric properties but with high burst strengths, 
c.g„ polyurethane, polyvinylchloride, silicones, etc. They are often quite 
"rubbery" in feel. Consequently, flow directed catheters are not usually especially 
suitable for use with guidewires and the Like. 

In use of this variation of the vaso-occlusive device, however, since the 
vaso-occlusive device is sa compliant arjd able to be delivered using hydraulic 
pressure alone (as with saline), they may be used with flow-directcd catheters. 
Further, since the vaso-ocemsive device (202) contains a atnstch-rcsi Sting member 
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(204), the vaso-occlusiv* device (202) may be withdrawn into ihe catheter (200) 
using the connective wire (208), 

The connective wire (208) used therein should be very flexible so not to 
interfere with the movement of the catheter (200). Jt is conductive and insulated 
proximally of the electrolytic joint (210). Introduction of an electric current into 
the connective wire (208) wiJt cause the electrolytic joint (210) to erode and the 
vaso-occlusive device (202) to become detached. Complete description of the 
operation of such a device is found in U.S. Patent Nos. 5,122,136 and 5,354,295, 
both to Guglielmi and Sepetka. 

Figures 1 1 A-l 1 D depict a common deployment method for introduction of 
the inventive vaso-occlusive devices described here. Jt may be observed that these 
procedures are not significantly different than those described in the Rjtchart ct aJ. 
patent mentioned above. Specifically, Figure 1 1A shows the distal tip of a 
delivery catheter (310) which is within the opening (312) of an aneurysm (3 14) 
found in an artery (316). The distal or end section of the vaso-occlusrve device 
(3 1 8) is shown within the catheter (3 1 0). In Figure 1 1 B, the distal end portion of 
the vaso-occlusive device (3 1 8) ha 3 exited the distal end of the catheter (3 1 0) and 
has wound into a secondary shape within the aneurysm (3 1 4). Figure 1 1 C shows 
the completion of the formation of the secondary shape within the aneurysm 
(314). Figure 1 ID shows the separation of the vaso-occlusive device (3 1 8) from 
the pusher, placement within the aneurysm (314), and the withdrawal of the 
catheter from Ihc mouth of the aneurysm. 

Once the inventive coil is in place in an aneurysm or other site, there may 
be an occasion during which the coil must be moved or even withdrawn. For 
instance, in Figure 1 ID, the coil might extend through the mouth (312) of the 
aneurysm into the artery. Occlusion would uot be desirable in the artery. A 
device such as the endovascular snare shown in US Pat. No. 5,387,219, to Rappe, 
may-then be used to grasp the exposed coil and move it or retrieve it from the 
body. The stretch -resisting member of this invention prevents the coil from 
stretching into a single strand of wire and multiplying in length. 
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Modification of the above-described variatioDS of canying out the 
invention that would be apparent to those of skill in the field* of medical device 
design generally, and vaso-occlusive devices specifically, are intended to be 
within the scope of the following claims. 
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This is an implantable vaso-occlusive device. It is typically a vaso- 
occlusive coil comprising a primary helically wound coil which may then be 
wound into a secondary shape. Central to the invention is the use of a stretch- 
resisting member extending through the lumen formed, which stretch -resisting 
member is fixedly attached, directly or indirectly, to the coil in at least two 
locations. The stretch resisting mcmbw is preferably somewhat loose within the 
interior of the lumen so to prevent the coil from collapsing, binding, and therefore 
stiffening during passage of turns through the human body. The coil should bend 
easily. In some variations of the invention, the stretch-resisting member may be 
formed into coil tips at the ends of the coil using simple equipment such as 
soldering irons orthe like. The tips are typically of the same diameter as is the 
coil body itself. This stretch-resisting member is for the primary purpose of 
preventing stretching of the coil during movement of that coil, e.g., by retrieval or 
repositioning after deployment. The device may have a self-forming secondary 
shape made from a pre-foimed primary linear helically wound coil, although it 
need not have the secondary form. Desirably, the coil i s extremely flexible and is 
controlJaby released using a severable or ineDhanical joint such as an 
clectralyticaily detachable joint External fibers may be attached to the device and 
affixed to the prc-formcd linear member to increase thrombogenicity. The 
extremely flexible variation of the invention may be hydraulically delivered 
through the lumen of a catheter and is so flexible thai it may be rctrievably 
delivered therethrough * flow-directed catheter. The vaso-occlusi ve member may 
be also be covered with a fibiOus braid. The device is typically introduced into 
the bedy through a cathete,. The device is passed axially through the catheter 
sheath and assumes its secondary form upon exiting the catheter, 
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4 . Brief Description of Drawings 

Figure J A shows a side view, partial cutaway of a vaso-occlusive coil 
made according lo the invention having a generally linear fibrous stretch-resisting 
member. 

Figure IB shows a side view, partial cutaway of a vaso-occlusive coil 
made according to the invention having a generally linear wire stretch -resisting 
member. 

Figure 1C shows a side view, partial cutaway of o vaso-occlusive coil 
made according to the inveoriou having a generally helical stretch-resisting 
member. 

Figures 2A, 2B, and 2C show side view, partial cutaways of typical ends 
of the inventive vaso-occlusive coils. 

Figures 3 A, 3B, and 3C show side view cutaways of electro lytically 
severable joints in combination with a vaso-occlusive coil made according to the 
invention. 

Figures 4 A and 4B sliow a side view, partial cutaway of a typical 
mechanically detachable joint in combination with a vaso-occlusive coil made 
according to the invention. 

Figure 5 shows a n C" shaped secondary configuration for the inventive 
vaso-occlusive device. 

Figure 6 shows a clover-leaf secondary shape for the inventive vaso- 
occlusive device. 

Figure 7 shows a double-looped secondary shape for the inventive vaso- 
occlusive device. 

Figure 8 shows attachment of external fibrous material to the inventive 
vaso-occlusive device. 

Figure 9 shows attachment of external braided fibrous material to the 
inventive vaso-occlusive device. 

Figure 10 shows the combination of the vaso-occlusive device of this 
invention in assembly with a flow-directed catheter. 

Figures 1 1 A-UD show a procedure for introducing a vaso-occlusive coil 
such as found in the other Figures into an aneurysm. 
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1 . Abstract 

The present invention provides 

a vaso-occjusive device comprising: 

i. an outer helically wound primary coil having a first end and a 
second end, defining a lumen between said first end and second 
end, and 

ii. a stretch-resisting member extending through said lumen and 
fixedly attached to said primary coil in at least two locations. 


2 . Representative Drawing 
None 


